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(54) AN X AND GAMMA RADIATION COLLIMATOR 
AND METHOD OF MANUFACTURING 
SUCH COLLIMATOR 

(71) We, GAULEO ELECTRO-OPTICS CORP., Galileo Park, Sturbridgc, 
Massachusetts, United States of America, a corporation organised and exisdng under 
the Laws of the State of Delaware, United States of America, do hereby declare the 
invention, for which we pray that a patent may be granted to us, and die mediod by 
which it is to be perfomfcd, to be particulariy described in and by the following 
statement; — 

This invention relates to an X and gamma radiation coUimator and method of 
manufacturing such collimators. 

In the field of instrumentation for use in nuclear physics and nudear medicine 
there i& a requirement for collimatars for X and gamma radiation. 

It is well known in the prior art to provide a collimator for X or gamma radiation 
^ch is fabricated front an assembly of lead (or other high-Z metal) strips arranged 
in a corrugated configuration with passageways or channds ranging in cross-section 
from a few millimetres to a few centimeters. In sudi collimators, the inter-chaimel 
septa (i.e. the lead strips) may be of the order of one millimetre in diickness and a 
few millimetres in width. The collimator may alternatively have an "^g-box" con- 
figuration with inter-locking septa providing rectangular cross-section diannds. 

The radiograj^c image detail which may be resolved using such collimators is 
limited by the centre-to-centre separation between the diannels, and also, by the solid 
angles defined by the channel entrances and exits. As a further limitation, the septa 
must be of suffident deptii in die direction of propagation and thickness transverse 
to the direction of propagation so that substantially all the uncollimated radiation 
which enters the entrance face of the collimator is d>sorbed before reaching the exit 
face. Since the total fraction of radiation transmitted by such collimators varies 
approximately in an inverse square manner with the depth of the septa, the scpte are 
normally fabiicated from lead or some otlier strongly absorbing, higji atomic number 
material. Lead is most oft^ used because of its relatively low cost although the soft- 
ness of lead places substantial limits on the minimum septa thickness, and, in turns 
the minimum channel separation* 

An alternative collunation technique uses a lead block with an array of drcular 
cross-section diannels drilled therein. However, the prior art collimators of these types 
have been limited to channds having approximatdy 10 skuaie millimetre cross- 
sections with 0.5 millimetre inter-chaimel spacing. Due to the softness of lead, higher 
channel density results in collapse of inter-channel walls. 

As a result of recent investigations in the x-ray collimation techniques, an 
assembly of glass channd mosaics have been considered as still another alternative 
form of x-ray collimators. Such channel mosaics have been previously used in 
electron-multipliers for image tubes. In that field, the electron-multifdying glass 
commonly contains significant fractions oi lead oxide. In addition, such ^ass mosaics 
can have channels of the order of a few microns in diameter. However, collimators 
which are manufactured of these lead-glass multiple channd mosaic assemblies are 
only effective in the collimation of low energy radiation having wavelengths greater 
than 1,0 Angstrom;, primarily because the proportion of lead by volume is only about 
15% in glass formulations suited to the fabrication of channel mosaics. This linuta- 
tion is espedally significant in the field of nuclear medicine since die Inilk of current 
diagnostic radiology requires collimated high energy radiation having a wavelength of 
the order oi 0.15 Angstroms and smaller. 

The present invention consists in a collimator for X and gamma radiation com- 
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pnsmg a glass mosaic substrate made up of a plurality of elongated dements, each of 
said etenents hawng a substantially unifonn cn)Ss<i«ion chaSd exteiuiing aSte 
icngitudinal axis, and substantiaUy unifonn thickness electrolytically Diated h^-2 
metalroating on die suifece of said substrate bounding eadi said diamid. 

TTie pre^invffltion also consists in a mediod for fabricating a multiple chah- 
nd X and ^mma radiadon adlimator having a jdnrality of parallel channek from a 
mJdp c element glass mosaic substrate made up of a, plura% of patafleUy aUgned 
e^ble <»re columns, said eolmnns having high-Z metal comjfomids displ^ 
^hf^' ? the mediqd comprises the steps of: etching the core of each of said 
• ^'^^nds; establishing a conductive lafer on the suifi«« S 

S?Ugh-T^ electrolytically platiiig said conductive layer 

atomi^nS^ri^tSz ""'^-^ -tal havmg an 

'P^^'^ « mtended to provide a high resohition collimator for X 
SiraiJi^^aS''^ -^^^^ wave. 

^ In ao^danoe widi the present invention, a collimator for X and ganmia radia- 
TZJ^ provided by a imcro-diannel glass substrate having an e^att^ytically 
ijy^^ '^'^bstrate surfaces whidi bound iiTS 

^ A S''^ /"^te «ay indude a siibstaitfial fraction of hidi-Z rri^ com- 
pounds uniformly d^rsed Aroughout, but geneiaUy speaking, thi substrate has a 
hmi absoipuon co^dent than 5at of die high-Z iMcm^ along ^edian^ds! 
S^.f£^^^ ^ "^^^^ '^^^ is indd^ ihereon and 

SSr^n i^^J^""^ ^7 ^ substrate from the radiation 

^uroR As a resulti the composite strucnire Is substantiaUy more resisant to septal 
f a. SBnilarly dunensioned collimator with the same diannel diameter 
^ s"*^ glass ak>ne. Furthermore, the two components, the sub- 

The OTiIimator of the mveution may be fabricated from a glass mosaic substrate 

CoUimation diannels. The substrate blodc is di^ subjected 
^^^^'^'^^."S process to establish an electticaUy conductive Wer on 
S^^ifnTt..- *f r- ^ 5'«f«fe? plated substrate is di^ placed in a sKe 
SSatb^iSgSm^tSSf ""^ "^^^'^ '^'^ Plated^bstrate surfaces 

«.1uJ«SIf^ * ^T* ^ "E^rsecdonal view of a multiple column square qhannd 
collinratorm accordance widi the present invention, sMauut. 
FiguS'T^ ^ shows a cross^ectional view of a single column of die enAodiment of 

r«ii.-J^S^ ^ * cri^Kctional view <rf a muUiple column hexagonal diannd 

colhmatorm accordance widi die present mventioo, 

Egu^' ITLd '^"^ " cross-sectional view of a single cohimn of die embodiment of 
ment^fJFjL^**^' diagram form, die mediod of f^rication for die embodi- 

r«ti;™°^ embodiment of the prraent invention, as shown in I and 2, a 

f '°P"ses a plurahty of columns having square aos^section diaimds 
^ J^iM ^ arranged m a mosaic configuration so tiiat dieir longitudinal axes 
ri^^ L^"* r^resentative square glass column 10 haf been etiieJ 

^'^f 12 e««ndmg lengtitwise aloni^e 

wlhTL^^L'°"^S^°'^ The interior surface of column 10 is coated widi 
A^L^^^^^ I*- understood diat a relatively diin dectricaHy con- 

f"^"^*?^ 1 2) may be dispos^ between die plating 

^ °^ ^et-Z metal plating is denoted t,, and die distance 

U^r^f "^T ^'"i^ ^ '^'^"^ «>1"°^ « denoted as d In additionrSe 

lengdi of the column is hereafter denoted T. uiuou, uic 

Wi± tins geometry duse transmission fractions of inddent radiadon may be 

die channds), die septal penetration fraction Fp (die fraction whidi 
passes completely dirough one or more septa (diannd walls) die collimator) aM 
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the substrate transmissioD fraction F, (the fraction which passes throy^^ the collimator 
travelling entirely within die substrate). 

For the case where die radioactive source is confined to the unity solid angle 

1 

( 



of die complete henusphete) when seen from die far-side of the collimator, the 5 
coUimafied fraction is equal to the solid angle offered by a channel: 

d^ 

Fe = (1) 

The septal penetration fraction, F;„ is approximately equal to the portion which 
would pass through a sandwich plate composed of two layers : one kyer of substrate 
material, and one of plating material, each layer having a diickness equal to the frac- 10 
tion of the total collimator volume whidi the corresponding material occupies* As a 
result, the fraction Fp may be expressed as : 

F,..xo [^ '^^'sA-i<^^^/iW-Al ) (2) 

(d+2tp+2t^)2 ^ , . 

- The substrate transmission fraction is the product of the solid angle^ presented by 

1^ the substrate and its attenuation within the substrate : 1 5 

F.= e-*" (3) 

T 

since the sheet form of the substrate medium sandwiched between two plating layers 
leads to a cylindrical solid angle equal to 2tB/T, 

In die present endxxliment configured for the collfmation of radiation with energy 
less than l(K) KeV, each column is composed of a lead-glass substrata sudi as Type 20 
8161 manufactured by Coming Gkss Works, Coming, New York. This ^s has an 
absorption coefficient ^=3J2 for 85 KeV radiation (wii corre^ndiug wavelength 
0,146 Anjgstroms). 

Glass substrates with lead dispersed throughout may be used in en^odim^ts of 
the present invention for radiation widi energy as high as 200 KeV. However, for 25 
radiation widi ^ergy less than 85 KeV, BariumhLant&num glass, such as described 
in U.S. Patent No, 3,508,764, is preferred. 

In the pres^tiy described anbodiment, the dimensions ctf the strucmre appearing 
in Figure 2 have the following values : 

T=:16mm 30 
ta=0.0025 cm 
tp =0.0075 cm 
d=0.060 cm 

In other collimatw embodiments according to the present invention, the centre- 
35 to-ccntre channel spacing may lie in the range 0.03—0.1 cm, channd length in the 35 
range 10 — ^30 mmi^ channel cross-sectional area in die range 0.001 — 0.01 cm" and 
ratio of die high-Z channd coating thickness to the colmnn w^ thickness (tp/t^) in 
tile range 5:1 to 10:1. 

In the present embodiment^ the higJi-2 metal plating in Cadmium which has an 
40 absorption coeflScient /tp=20 for 85 KeV radiation. In other embodiments, the high-Z 40 
metal plating may comprise lead, tin, tantalum, gold, platinum, tungsten, barium 
or lanthanum. 

For this structure^ the fraction F« Fp and F^ may be expressed as follows for 
85 KeV radiation: 

45 With these values, the overall signal-to-noise ratio S/N may be expressed as: 45 
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Fc=l/470 
Fp= 1/6714 
F« = l/22576 

With these values, the overall signal-to-noise ratio S/N may be expressed as: 

Fe 

S/N= =11 

Fp+F« 

-Thus, for radiation of energy in the range less ±an 100 KeV collimated using 
this cx)nfigurauon with cadmium plating on a Type 8161 glass micro-channel substiat^ 
a signal-to-noise ratio of the order of 11 to 1 may be achieved. 

Figure 3 shows a collimator configuration which is similar to the embodiment of 
Fig^ 1, but where die cross-section of each mosaic column is hexagonal. As shown 
m Figure 4, the distance between opposing faces of die interior surfaces of each 
column is denoted by die reference letter d'. The elements of ±e structure of Figure 4 
which correspond to similar elements in Figure 2 are denoted by identical reference 
numerals. Although, die hexagonal geometry of the embodiment of Fkures 3 and 4 is 
somewhat more complex than die square geometry of die embodiment of Figures 1 
and 2 leadmg to correspondingly more complex expressions for die F^, Fp and Fs, the 
fractions are substantially similar for die hexagonal structure particularly since die 
cross-section area of the hexagonal channel is approximately equal to 90% of the 
corresponding area of die square channel for d' = d. 

The hexagonal column collimator provides three advantages compared with die 
square column collimator: 

(1) the hexagonal element mosaic as a whole is structurally more stable due to 
the mterlocking of the colunms, 

(2) the hexagonal elements are individually more resistant to collapse, permitting 
thinner column walls for a given substrate mass and smaller centre-to-centre separa- 
tion of columns, and 

(3) the angles which permit the transmission of incident radiation wholly widiin 
the glass substrate are greatly curtailed. 

^ The embodiment of Figures 3 and 4 may be fabricated by die following pro- 
•^u cedure (shown in Figure 5 m block diagram form) for a 6.4 cm x 6.4 cm X 10.2 cm 
glass block comprising a hexagonal colunm mosaic with 800 micron centre-to-ceaitte 
spacing. The multiple channel mosaic substrate is formed by first drawing hexagonal 
columns havmg etchable cores, fusing the colunms and cutting to a desired lengdi 
(16 mm) to form a 6.4 cmX6.4Xl6 mm mosaic structure, and then etching cores, 
usmg procedures well taiown in the art, for example, as taught by U.S. Patent No. 
3,294^504 to Hicks, assigned to die assignee of the present invention. For this pre- 
ferred cnttbodiment, die etch resistant portion of the columns is composed of Type 
8161 lead glass having 14% by volume lead oxide, manufactured by Coming Glass 
Works, Coming, New York. ^ 
* . T?i^j^^P^^ ^cbsd to form ±e channels by immersion into an etch solution 
of 10% hydrobronuc add at a temperature in die range 75—80° Fahrenheit. The sub- 
strate is kept in the etch solution until the column cores are completely etched, 
aldiough the etdi solution may be changed during die etching to maintain a controlled 
4S ^^^J^^'Sl^' etching, die sample is dioroughly rinsed in deionized water and 

dned. The substrate in etched form is generally 75% open area. The etching 
process is denoted by blocks 20—23 in Figure 5. • 
following die etching process, die substrate is then subjected to an electroless 
platmg process in which the surface of the entire substrate is made electrically con- 
ductive by die electroless d^osition of a metal. Botii nickel and copper are examples 
of metals which are well smted for diis purpose. In odier embodiments, alternative 
means may be used to establii.h a conductive layer on the substrate surface. For 
example, Type 8161 glass may be reduced with hydrogen at high temperature to 
render the glass surface layer conductive. 

For the present erhbodiment, electroless nickel plating may be accomplished by 
die following sequence of steps, in each ot which die substrate is disposed widi its 
channels in a horizontal orientation. In each of the first five steps, die substrate is 
raised and lowered periodically widiin the appropriate liquid while sunultaneously 
utidergoing^ a reciprocating naotion with a frequency of a few tens of cycles per 
minute and with a total excutoion of a few centimetres. The steps performed on the 
substrate are: 
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1. Immerse in a detergent conditioner solution^ for example, comprising 19 parts 
water and 1 pan Type 1160 Conditioner, manufactured by Shipley Com- 
pany, Inc., Newtown, Mass. for 2—5 minutes. 

2. Rinse thoroughly in three distina deionized water rinses to rid the surface of 

any forei^ parades on the surface. 5 

3. Inmierc^e m a 15% solution of hydrochloric acid for about 2 — ^5 minutes to 
condition the surfaces/ 

4. Immerse in a metallic colloidal sensitizer solution (such as a dilute colloidal 
palladium aqueous solution^ for example, 6F Sensitizer (1/4 gram/litre) 
manufactured by Shiplejr Company, Inc., Newtown, Mass.) for 2—5 minutes 10 
for "seeding*' metal particles onto the surface. 

5. Rinse thoroughly in diree distina deionized water rinses to rid die surface 
of any loose metal particles on the surface. 

, _ 6. Immerse in a metallic activator (such as a dilute stannous chloride aqueous 

1-* solution, for example, Catalyst 19 (1—3 gram/litre) manufactured by Shipley 15 

Company, Inc.) which is attracted to the already sensitized substrate surfaces, 

for 2^5 minutes. 

7. Rinse thoroughly in at least three distinct deionized water rinses to msure 
that no activator is carried into the electroless bath. 

8. Transfer (in deionized water and in die same holder used in the preceding 20 
steps) to an electroless mckei plating bath comprising nickel chloride (30 
gram/litre), sodium glycollate (50 gram/litre) and a reducing agent such as 

sodium hypophosphite (10 grain/litre) (adjusted to a pH <jr4.0— 6.oy or 
some odier dectroless nickel plating bath, such as Ni 416, manufactured by 
Endione, Inc., New Haven, Connecticut The bath is maintained at 185°— 25 
19a^F and constantly sdrrcd to avoid hot spots. The substrate is repetitively 
inmiersed in the bath using a dunking motion (at about 30 stroltis/minute) 
for a 5—7 minute period to deposit 4 — 6 jti uniform fihn of nickel on aU 
substrate surfaces. 

30 9. Rinse thorou^y in deionized water using at least diree distinct rinses to 30 

remove any trace <^ nickel salt. 
10. Dry thoroughly. 

The electroless process is shown in block diagram form in Figure 5 in blocks 27—36. 
In other embodmaents, alternative dectroless plating techniques may be employed, 
t, ^? present embodiment, the nickel-coated hexagonal element mosaic may 35 
men be plated with cadmium as previously described for the square-channel mosaic, 
if the radiation to be coUimated has energies less tfian lOO KeV. However, for radia- 
tion energies exceeding 100 KeV, lead is preferred to cadmium because oi the greater 
absorption coeflScient of lead at the higher energy level, i.e. in the 100—200 KeV 
40 rangfc A layer of lead, havmg a thickness of from 50 ;i to 200 ^t, may be deposited 40 
as follows:— The nickel-plated substrate is immersed in a plating bath having a 
temperature in the range 70°— 90^F and contaimng die formulation : 

1700 ml— Lead Fluoroborate— 50% solution with water, (Harstan Chemical Co., 
Brooklyn, New York) 
45 2800 ml— water 
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75 ml — Oiinol LF — 3M solution (2 ounces/gal.), (manufactured by Harstan 
Chemical Company, Brooklyn, New York). 

In lieu of the Shinol solution, an aqueous solution of peptone, gelatin or extracted 
bone glue may be utilized. 
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The lead plating is achieved widi a periodic forward reverse plating cycle, widi 50 
an approximately 16—24 hours duration. The forward cycle is ten minutes at a 
plating current density in die range 60—75 amps per square foot from an electrode 
in said bath to said substrate while die reverse cycle is five minutes at 25% of the 
plating current density from said substrate to said electrode. The lead plating process 
55 is shown in block diagram form in Figure 5 in block 38, 55 
Using this described process for die fabrication of ±e collunator, a substantially 
uniform thickness 70 ji lead plating may be produced on the 5 micron nickel plated 
substrate with hexagonal lead-glass channel mosaics having 800 micron centre-to- 
centre spacing, and with channel lengths of the order of 15 millimetres. Taking into 
60 account the 5 /t nickel under-layers, 70 lead layer in each chaimel, and the 50 60 
inter-channel subsuate thickness, (each of the channel septa being 25 u thick), a 
600 p. face-to-face open channel remains with cross-sectional area approximately 



«nS„?°K* a structure, only one part in 10* of radiation in the 125 KeV 

range whidi is madait on the collimator is not absorbed by die lead plating 
f,h„•;L^/™, understood that die above-noted process is graerally suitable to 
'"^yj?'»<l«°«B« of a collimator in accordance with L prJat invendo^ 
^.if"^^"? «°t^-t«>-'^'»tre channel spacing in Ae range M3- 

faie^oSrSS^.n'S.^A ^"^e^lOr^O channel crosisectional aS in the 
range 0.001— 0.01 cm- and tp/t, ratio in the range 5 : 1 to 10: 1. 

WHAT WE CLAIM IS: — 

^' ^ collimator for X and gamma radiation comprising, a glass mosaic substrate 
s^lli? "ilP^'y «f ^«"g«P«i events, each of saSf elements ha" ^b! 
stanbaUy unifomi ctoss-sectm channel extending along its londtudinal ids and 
subsantiaHy uniform thickness electiulyticaUy pSed hiLz 3 (rherSefore 
defined) coating on the surface of said sutettate bounding eldi said cWid. 
7 according to claim 1 wherein said glass substrate uidudes high- 

Z metal compounds having a substantiaDy uniform dispersion within said substtateT 
™.nJ" A colliDMtor according to claim 2 wherein said high-Z metal in the com- 
P^''*^ """"^ said substrate and said high-Z mital coated on said sub^. 
ofl^ftTiL" """^ ' t^t'^""'' "'^'"iun,, gold, platinum, tungsten, bari^ ■ 

^' A wffimator according claim 3 wherein said substrate includes a relatively. 
bS:Sc^^S!L"c&'''^'"" electroless deposited metallic layer on its surfS 

layeAJictelTSpiT"'"® "^"^ * '^'^ electroless deposited metaUic 

rhm t^^V^"^ according to daim 2 wherein said substrate includes a relatively 

S^ncCSa^S^^L'^^'^" ^"^"'"^ ^^"^ "^'^"^ '"^'^ ''^ ""^rf-' 
^ 7. A collimator according to claim 2 wherein each dement of said mosaic sub- 

rn^'S^c^nJl^r'^"'"''"^"" ' ^'"""^ 

8 A collimator according to claim 7 wherein the centre-to-centre spadnff of 
Lt *J^ge"ooS.«S;''~'-' °" of said'chalds 

M if" ^ collimator accordirg to claim 8 wherein die ratio of channel coatme 

i« fucfoiess of faid column walls, t,, is in the range 5 - 1 to 10- 1 

nnnni. ^- 'ol™^"' ?<=cording to cfaim 9 wherdn said high^j: metal in die 'coin- 
pounds dispersed withm said -substrate and said high^ metal coated on said sub- 

fSL"orWtL'n"r '^""''"'^ "^"'"^ S^"' platinum, tungsten. 

. , A coUitnator according to- claim 10 wherein said substrate includes a rela- 
uvely thui, substantiaUy uniform thiclme:s electroless deposited metaUic layer on its 
surface bounding each said channel jrci uu 

12 A cqlHniator according to clahn U wherein said electroless deposited metallic 
layer includes a metal from the g^up consisting of nickel and copper. 

13. A colhrnator according to claim 10 wherein the length of said columns is in 
the range 10 — ^30 mm. 

14. Method for fabricating a multiple channel X and gamma radiation coUi- 
mator having a plurdity of parallel chanrels from a multiple element glass mosaic 
^h^^^'^"^^' ^ J?P wt^ plur^iy of paranelly aUgned etchable core cdumns. said 
columns havmg high-Z nretal (as hereinbefore defined) compounds dispersed therein, 
wherem die method comprises die steps of etchmg the core of each of said columns to 
form said channels, esiabhshing a conducuve layer on the surface of said substrate 
Zm^ channels, and elecirolyticaUy plating said conductive layer with a high- 

15. Method according to claim 14 wherein said step of establishing a conductive 
layer comprises die step of electroless depositing of a relatively thin, substantiaUy 
c£S layer on the surface of said substrate bounding each said 

16^ Mediod for fabricating a muldple channel X and gamma radiation coHi- 
mator havmg a plurahiy of parallel channels with centre-to-centre spacing in die 
range 0.03^.1 lengdi in the range 10-30 mm. and cross-sectional area in 
the range O.001--0i)l cm^ from a multiple element lead ^ass mosaic substrate made 
UD of a plurahty of paralleUy ahgned hexagonal cross-section, etchable core columns. 
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said columns having centre-to-centre spacing in the range 0.03—0.1 cm, wherein 
the method comprises the successive steps of : 

A. etching the core of each oi said columns to form said channels by the successive 
sub-steps of: 

i. immersmg said substrate in a 10% hydrobroraic acid solution at a tempera- 5 
ture in the range 75^—80^?, 

ii. rinsing said substrate in deionized water, and 

iii. dryiijg said substrate, 

B. electtoless plating said substrate to form a nickel plating with a thickness in 
±e range A — 6 microns on all surfaces of said substrate by the successive steps 10 
of: 

i. immersing said substrate in a detergent conditioner for a period in the range 

2—5 minutes, 

ii. rinsing said substrate in deionized water. 

iii. immersing said substrate in 15 % hydrochloric add solution. 1 5 

iv. immersing said substrate in a metallic colloidal solution for a period in the 

range 2 — 5 minutes, 

v. rinsing said substrate in deionized water, 

vL immersing said substrate in a metallic activator for a period in the range 2 — 5 

niimites, 20 
vii. rinsing thoroughly in three distinct deionized water rinses, 
viiL immersing said substrate in a uniform temperature nickel plating bath, for 

a period in the range 5 — ^7 minutes, 
ix. rinsing said substrate in deionized water, 
25 X. drying said substrate and 25 

C, lead plating said substrate to form a lead plating with a thickness in the range 50 
microns to 200 microns on all surfaces of said substrate by: 

immersing said substrate in a lead plating bath, and for a period in the range 
^ 16—24 hours, alternatively driving a plating current density in the range 60 to 

75 ainps per square foot from an electrode in said bath to said substrate for 30 
10 minutes and driving a deplating current from said substrate to said electrode 
for 5 minutes, said deplating current density being 25 % of said plating current 
density. 

17. The method according to claim 16 wherein said metallic colloidal solution 

35 is a dilute colloidal palladium solution. 35 

18. The method according to claim 16 wherein said metallic activator is a 
dilute stannous diloride solution. 

19. The method according to claim 16 wherein said nickel plating bath includes 
nickel chloride, sodium glycollate, and a sodium hypophosphite redudng agent, said 
bath having an adjusted pH in the range 4.0— 6.0. 40 

20. Tlie method according to claim 16 wherein said lead plating bath is main- 
tained at a temperature in the range 70° — 90*^F, and has the formulation : 
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37.2% lead fluoroborate (50% water solution) 
61.2% water 

1.6% aqueous solution including a material from the group consisting of 45 
peptone, gelatin, and extracted bone glue. 
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21. A collimator for X and gamma radiation substantially as described herein 
with reference to and as shown in Figures 1 and 2 of the accompanying drawings. 

22. A collimator for X and gamma radiation substantially as described herein 

with reference to and as shown in Figures 3 and 4 of the accompanying drawings. 50 

23. A method of making a coUimator for X and gamma radiation substantially as 
described herein with leference to Figure 5 of the accompan3ang drawings. 

BROOKES, MARTIN & WILSON 
Giartered Patent Agents 
Prudential Buildings, 
5 St. PhUip's Place, 
Birmingham B3 2AF 
Agents for the Applicants, 
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